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ABSTRACT  
Mixtures of coal/waste tires, coal/waste plastics and coal/waste cotton were pyrolyzed in the laboratory pyrolytical unit built
in IRSM AS CR Prague. Non-caking hard coal (mine Lazy) and its mixtures with some organic wastes were pyrolyzed in a
quartz reactor inserted in a vertical tube furnace. The main product yields (coke, tar, gas and reaction water) documented
exhibit entirely different influence of added waste. Results demonstrated that co-pyrolysis is meaning full in case of waste 
tiers and plastics. However, in case of co-processing with waste cotton (natural textile), the results are not promising. 
 
KEYWORDS: coal, co-pyrolysis, wastes, cotton, tires, plastics 

 

of solid, liquid and gaseous products from waste 
plastics (Walendziewski, 2005) or coal/plastics 
mixtures (Buchtele et al., 1998) and the possibility of 
using waste plastics (Tora and Zmuda, 1998) and 
pitches by coking process (Collin at al., 1997) have 
been researched in recent years. 

In the present work we report on the yield of 
pyrolysates and chemical composition of coke, tar and 
pyrolytical gas as a function of loadings of organic 
additives (wastes) with coal in 15, 30 and 60 %, 
respectively. 

 
EXPERIMENTAL 

Sample collection 
Coal sample was collected from Upper Silesian 

basin, mine Lazy. The proximate and ultimate 
analyses and their physical properties have been 
provided in Table 1 and Table 2. The analyses and 
properties of wastes used are provided in the same 
Tables. Coal caking properties are documented by the 
swelling index (SI = 1) and by the dilatometric 
parameter (b = 18 %) from the Audibert-Arnu test. 

INTRODUCTION 
Organic wastes like scrap tires or plastics 

represent a significant environmental problem in 
today's society. The preferred option for its disposal is 
landfill in most countries. These wastes represent also 
a potential available source of energy (e.g. their 
heating value is greater than heating value of most 
coals). But it is necessary to include exhaust gases 
purification in case of using technologies based on 
incineration. Therefore, alternative thermochemical 
processes seem to be a reasonable and 
environmentally acceptable method for organic wastes 
utilization. There have been published some works 
concerning conversion of organic wastes into fuels or 
chemical raw materials. The influence of process 
variables on pyrolysis products (Murillo et al., 2006) 
has been studied. Yield and composition of products 
from scrap tires pyrolysis (Williams and Brindle, 
2003; Rodriguez et al., 2001) have been reported in 
the literature. Chemical properties of the pyrolysis 
liquid product and commercial diesel were compared 
(Ucar et al., 2005; Walendziewski, 2002). Evaluation 

Table 1 Characteristics of coal and wastes 

Proximate analysis (wt.%) Ultimate analysis (wt.% daf)  
Wa  Ad VM   Sd

t    C   H   N   So    Od 
Hard coal 0.9 6.0 30.8 0.37 83.94 5.00 1.18 0.35 9.53 
Waste tires 0.9 5.3 68.9 1.12 85.59 7.65 0.57 1.04 5.15 
Waste plastics 0.4 5.4 90.9 0.07 72.76 7.07 0.44 0.06 19.67 
Waste cotton  3.8 0.5 92.5 0.09 45.38 6.27 0.52 0.09 47.74 

 

daf: dry, ash free;  Wa: water (analytic sample); Ad: ash (dry);  Sd
t: sulphur (total, dry) 
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Table 2 Physical properties of coal and wastes 
 

 Bulk density 
(kg.m-3) 

Real density 
dd

r 
(kg.m-3) 

Gross calorific 
value Qs

daf 
(MJ.kg-1) 

Net calorific value 
Qi

daf 
(MJ.kg-1) 

Hard coal 769 1474 34.50 33.33 
Waste tires 323 --- 39.92 38.19 
Waste plastics 288 1210 33.87 33.32 
Waste cotton 0037.3 --- 18.34 16.98 

 

 

Temperature 
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holder 
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Fig. 1 Functional chart of the laboratory pyrolytic unit 
 

The composition and properties of coke, tar and 
gas from coal and coal/additive obtained in case of 
mixtures containing 60 % wt. of additive are given in 
Tables 4, 5 and 6. 

 
DISCUSSION 

One of the aims of the investigation was to carry 
out the comparison analysis of yields of co-pyrolysis 
coal/waste tires, coal/waste plastics and coal/waste 
cotton. Yields of coke, tar, reaction water and gas 
were evaluated. With regard to different 
characteristics (Table 1) and physical parameters 
(Table 2) of used carbonaceous wastes, the yields of 
products were considerably different. The mixtures: 
coal/waste tires and coal/waste plastics caused main 
products coke and tar, which was influenced by 
relatively lower content of oxygen in additives (tires 
5.1 %, plastics 19.7 %) and also in pyrolyzed 
mixtures. On contrary, waste cotton had a very high 
ratio of oxygen (47.7 %), and therefore the main 
products of pyrolysis of its mixtures with coal were 
coke and reaction water. These differences in the 
yields are demonstrated in Table 3. 

PYROLYSIS 
Mixtures of hard coal and selected wastes were 

pyrolyzed in the laboratory model unit HOR2 (Kříž 
and Buchtele, 2003) built in IRSM AS CR Prague. 
Mixed waste plastics, waste tires and waste cotton, as 
representative organic additives were used.  

Pyrolysis of coal alone and its mixtures of 15, 
30, 60 % wt. additives were carried out in the quartz 
reactor inserted in a vertical, temperature micro-
processor-controlled, tube furnace under the 
conditions: Sample weight 150 g; heating rate 5 
K.min-1 up to 900 °C, soaking time 30 minutes at the 
final temperature 900 °C. Functional chart of the 
laboratory pyrolytic unit is shown in Figure 1.  

The distribution of matter into solid, liquid and 
gaseous products of coal alone and coal/waste 
mixtures pyrolyzed are given in Table 3. 

The yields of coke, tar, reaction water and 
pyrolytical gas are dependent on kind and amount of 
additive in pyrolyzed mixtures. The yields reflect a 
good linear dependence on the amount of additive in 
coal/waste mixtures.  
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Table 3 Yields of pyrolysis products 
 

  Additive Yield (wt.%) 
  (wt.%) Coke Tar Reaction water     Gas 
 Hard coal   0 72.6 7.9 4.1 13.2 

15 67.9 13.8 3.2 12.3 
30 62.5 20.6 2.7 11.2  Waste tires 
60 52.0 34.2 1.7 9.0 
15 65.2 11.0 6.0 15.0 
30 57.2 16.3 6.5 15.9  Waste plastics 
60 41.1 31.6 6.1 17.3 
15 66.8 9.5 8.3 14.0 
30 59.6 10.0 13.8 15.1  Waste cotton 
60 44.4 10.9 25.3 17.4 

 
Table 4 Composition and properties of cokes 
 

Proximate anal. (wt.%) Ultimate analysis (wt.% daf) Additive 
Ad VM C H So N Od 

Real density    
(kg.m-3) 

0 8.3 1.3 97.38 0.94 0.45 1.05 0.18 1840 
Waste tires 11.1 0.5 97.07 0.64 0.88 0.83 0.58 1871 
Waste plastics 14.9 1.5 97.75 0.81 0.45 0.95 0.04 1983 
Waste cotton 5.4 1.5 97.30 0.72 0.32 0.88 0.78 1830 

 

Ad: ash (dry) 
 

Table 5 Composition and properties of tars 
 

Ultimate analysis (% dry)  
Additive 

Ad 

  (%) 
C       H N S Od 

Density   
(kg.m-3) 

0 0.03 83.58 8.27 0.63 0.23 7.26 1040 
Waste tires 0.02 81.82 10.48 0.42 0.14 7.12 900 
Waste plastics 0.04 81.85 7.94 0.35 0.06 9.76 945 
Waste cotton 0.19 56.06 7.12 2.00 0.21 34.42              ND 
 

ND: not determined (heterogeneous sample) 
 

Table 6 Main gas components and properties 
 

Gas component (vol.%) 
Additive 

H2 CH4 CO CO2 
Calorific value Qs

(MJ.m-3) 

0 57.3 22.4 10.0 6.1 20.17 
Waste tires 52.3 24.3 9.2 5.6 24.35 
Waste plastics 52.0 22.6 8.7 11.2 20.62 
Waste cotton 39.4 20.7 21.3 15.8 18.00 
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Odaf
d between 40-50 % are quite inapplicable for 

industrial co-pyrolysis process. 
 
CONCLUSIONS 
1. Waste tires and waste plastics could be reused for 

co-pyrolysis coal/organic wastes. 
2. The addition of tires or plastics increases the yield 

of tar. 
3. Waste cotton is not suitable for co-pyrolysis. The 

reason of which is the high oxygen content in 
waste cotton, resulting predominantly into 
reaction water. 

4. The solid residue (coke) represents the main 
product of all experiments. It can be used for 
production of sorbents or carburizing agents. 

5. Hydrogen was the main component of pyrolytical 
gas obtained in all experiments. 
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INFLUENCE ON COKE AS PRODUCT 
Coke is the main product of co-pyrolysis and

evaluation of its composition and physical properties 
gives a real image of its utilization. The increase in 
amount of coke ash content in coal/tires mixtures (9.3 
to 11.1 %) and coal/plastics mixtures (9.6 to 14.9 %) 
correspond to the content of volatile matter in tires 
(68.9 %) and waste plastics (90.9 %). Degree of 
degasification evaluated by Hdaf content and specific 
electrical resistance (Ω.mm2.m-1) in cokes from both 
mixtures were comparable and suitable. Differences in 
real density of coke from coal/tires (1848 to 1871 
kg.m-3) and coal/plastics (1900 to 1983 kg.m-3) were 
caused by relatively higher ash content in cokes from 
coal/plastics mixtures. Extremely low bulk density of 
waste cotton (37.3 kg.m-3) was the cause of low real 
density of cokes (1790 to 1830 kg.m-3) from 
coal/cotton mixtures. Their low ash content (Ad round 
5.4 %) had only secondary influence on the low real 
density of cokes obtained in case of coal/cotton 
mixtures.  

 
INFLUENCE ON TAR AS PRODUCT 

The influence of waste tires, mixed waste 
plastics and waste cotton on tar yield and its 
properties were studied. It can be seen, that tar yields 
from co-pyrolysis of tires (34 %), plastics (32 %) and 
cotton (11 %) are different. They vary in composition 
and properties as well. Tars obtained from 40/60 
mixtures of coal/tires and coal/plastics have practical-
ly the  same density 900 kg.m-3 and  945 kg.m-3, 
respectively. Difference in content of oxygen (7.1 % 
and 9.8 %) and hydrogen (10.5 % and 8.0 %) shows 
their different character. 

 Experiments with usable tars from coal/cotton 
mixtures were not successful. The reason of it is 
probably the high oxygen content in waste cotton 
(Odaf

d 48 %), which caused conversion in to the 
otherwise not useful product i.e. reaction water. 

 
INFLUENCE ON PYROLYTICAL GAS AS PRODUCT 

The composition and character of gases from co-
pyrolysis of coal/wastes mixtures have quite different 
progress depending on used additive. It is noteworthy 
to mention, that it is necessary to evaluate especially 
components with the greatest share in gas mixture, i.e. 
hydrogen, methane, carbon monoxide and carbon 
dioxide. The gas composition from coal/tires mixtures 
differs least from pyrolytical gas from coal alone. The 
gas composition from coal/waste plastics mixtures 
alike in all the parameters studied in case of coal/tires 
mixtures. The gas composition from coal/cotton 
mixtures is markedly different from that of coal/tires 
and coal/plastics. The influence of waste addition is in 
sequence: tires>plastics>cotton (as well as the 
composition and character of tars) predetermined by 
the sequence of oxygen amount Odaf

d in mixtures with
tires  c. 8 % - with  plastics c. 13 % - with  cotton c. 
23 %. It is inferred that additives with oxygen content 


